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Abstract
We consider the AdS3/CFT2 description of Reissner-Nordstrøm black holes by studying their
uplifted counterparts in five dimensions. Assuming a natural size of the extra dimension, the near
horizon geometries for the extremal limit are exactly AdS3×S2. We compute the scattering ampli-
tude of a scalar field, with a mode near threshold of frequency and extra dimensional momentum,
by a near extremal uplifted black hole. The absorption cross section agrees with the two point
function of the CFT dual to the scalar field.
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I. INTRODUCTION
In the past years, there has been significant progress on elaborating the holographic
principle [1–5] for the circumstances that do not rely on any fundamental theory, such as
strings, by following an approach analogous to that studied in [6]. The main focus was
on rotating black holes initiated from the Kerr/CFT correspondence [7]. The near horizon
geometry of the extremal Kerr black hole consists of a warped AdS3 factor, and the left
moving central charge of 2D CFT can be identified from the asymptotic symmetry group
associated with appropriate boundary conditions. The Cardy formula for CFT entropy
exactly reproduces the Bekenstein-Hawking entropy of the Kerr black holes. Soon after,
similar calculations were applied to various different rotating black holes [8–29] and all found
the remarkable agreement of CFT and black hole entropies. The essential further extension
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is to investigate the near extremal Kerr black holes in which right moving excitations of
dual CFT are allowed. The relevant investigations used two different approaches. One
way to probe the near extremal property is the process of near superradiant scattering of a
scalar field (this could also be, more general, by the Dirac or gauge fields). The absorption
cross section agrees with the two point function of the dual CFT operator [30–32]. The
other approach is the AdS2/CFT1 description [33–35] from the boundary stress tensor of
the 2D effective action obtained by integrating out the angular coordinates [36]. Indeed, an
expected promising scheme for having a better understanding of dual CFT (2D or 1D) is by
constructing the corresponding stress tensor [36–39].
It is then natural to question what is the dual CFT corresponding to non-rotating black
holes, in particular, the spherical symmetric charged Reissner-Nordstrøm (RN) black holes.
It is well known that the near horizon geometry of a RN black hole is AdS2 × S2 [40–
42], therefore a holographic RN/CFT correspondence is expected. It is straightforward to
compute the right moving central charge of the dual CFT by following the approach in [36]
for the near extremal Kerr case. However, unlike the 2D CFT, the central charge of CFT1
depends on an ambiguous choice of normalization factor. A physically preferable choice for
the normalization factor for RN/CFT was discussed in [43], which gives a desirable value for
the central charge. Moreover, the original method of deriving the left moving central charge
for Kerr/CFT is essentially based on a fiberation expression of (warped) AdS3 as AdS2×S1.
It turns out that the RN black hole can be consistently uplifted to one more higher dimension
in a way that part of its U(1) gauge potential is transformed to the geometrical Kaluza-Klein
(KK) vector field, which plays the role of the U(1) fiberation on the AdS2 basis. The uplifted
counterpart was used to compute the left moving central charge in [44, 45]. Again, in this
approach, there is a free parameter to be specified, namely the size of the extra dimension.
In this paper, we will reexamine this issue and propose a natural choice for the radius of
the extra dimensional circle in the way that the near horizon geometry is exactly AdS3×S2.
This particular choice is compatible with the suggested normalization factor in the other
approach [43], and the left and right moving central charges, as expected, are identical,
cL = cR = 6q
2/G4.
The main goal of the paper is to verify the RN/CFT duality for the near extremal region
following the method in [30]. We consider the scattering amplitude of a scalar field by a
near extremal uplifted RN solution for a particular threshold limit that the frequency ω
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and momentum in the extra dimension k satisfy specific conditions: ω − k is small but the
corresponding right moving mode of CFT is finite. As we shall see later, this peculiar mode
can probe the near horizon region to reveal certain information above the CFT. We found
that the absorption cross section of the scattered scalar field really agrees with the two point
function of the dual CFT operator. This agreement provides a strong evidence supporting
the AdS3/CFT2 description for a RN black hole.
Evidently, the RN black holes can have both AdS3/CFT2 and AdS2/CFT1 descriptions.
From the gravity point of view, the relation between the two AdS spaces is a dimensional re-
duction. In terms of field theory language, this relation indicates a light cone compatification
between the two CFTs. Thus, one substantial importance of the RN/CFT correspondence
is to provide a simple example from which we can directly examine the relation of CFT2
and CFT1 [46].
The outline of this paper is as follows. In Section II, we construct the uplifted RN black
holes, derive the near horizon geometry, explore the dictionary for the variables of gravity
and the CFT. The absorption cross section of a scalar wave in a near extremal uplifted RN
black hole is computed in Section III and is compared with the CFT result in Section IV.
We discuss the corresponding 4D perspectives in Section V, and finally conclude our results
in Section VI. Moreover, the technique of dimensional reduction is briefly summarized in
Appendix A.
II. UPLIFTED RN BLACK HOLE
The 5D Einstein-Maxwell theory
I5 =
1
16πG5
∫
d5x
√
−gˆ
(
Rˆ− 1
12
Fˆ 2[3]
)
, (1)
with the specific metric and form field assumptions (constant KK scalar field)
ds25 = (dy +Aµdxµ)2 + ds24, Aˆ[2] = Aˆ ∧ dy, (2)
reduces to the 4D effective action
I4 =
1
16πG4
∫
d4x
√−g
(
R − 1
4
F2 − 1
4
Fˆ 2
)
. (3)
The extra dimension is supposed be a circle of radius ℓ, i.e. yˆ ∼ yˆ + 2πℓ and the two
gravitational constants are related by G5 = 2πℓG4. The consistency of the constant KK
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scalar field assumption requires a relation between the two gauge potentials, i.e. Aˆ =
√
3A, and consequently the 4D Einstein-Maxwell can be recovered (the technical details are
summarized in Appendix A)
I4 =
1
16πG4
∫
d4x
√−g
(
R− 1
4
F 2
)
, (4)
with
F 2 = F2 + Fˆ 2 = 4F2, or A = 1
2
A, Aˆ =
√
3
2
A. (5)
According to the reduction procedure, the 4D RN solution
ds2 = −f(r)dt2 + dr
2
f(r)
+ r2dΩ22,
A = −2q
r
dt, f(r) = 1− 2m
r
+
q2
r2
, (6)
where m, q are mass and charge parameters, can be consistently uplifted to 5D spacetime
with the KK vector potentialA = −(q/r)dt. The 5D counterpart solution, called the uplifted
RN black hole, is
ds2 = −f(r)dt2 + dr
2
f(r)
+ r2dΩ22 +
(
dy − q
r
dt
)2
,
Aˆ[2] = −
√
3
q
r
dt ∧ dy. (7)
It is worth noting that this simple uplifting procedure cannot accommodate dyonic RN
black holes because the appearance of the Chern-Simons correction will turn on a 3-form
field strength in the 4D reduced action. A new feature of the uplifted RN black hole is the
emergence of the ergosphere at −gtt = 1 − 2m/r = 0 which seems to hint the existence of
superradiant mode.
The near horizon geometry of the near extremal uplifted RN black hole can be obtained
by introducing a new coordinate, χ, normalized with period of 2π:
χ =
1
ℓ
(y − t), or y = ℓχ+ t, (8)
and taking the limit
r → q + ǫρ, t→ 1
ǫ
q2τ, m→ q + ǫ2 ρ
2
0
2q
, (9)
which leads to the near horizon solution
ds2 = q2
[
−(ρ2 − ρ20)dτ 2 +
dρ2
ρ2 − ρ20
+ dΩ22 +
ℓ2
q2
(
dχ+
q
ℓ
ρdτ
)2]
,
Aˆ[2] =
√
3qℓρ dτ ∧ dχ. (10)
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After taking the near horizon limit, the inner/outer horizon radius, Hawking temperature,
and black hole entropy become
r± = q ± ǫρ0,
TH =
1
4π
r+ − r−
r2+
= ǫ
ρ0
2πq2
,
SBH =
A5
4G5
=
A4
4G4
=
π
G4
(q2 + 2ǫqρ0). (11)
The size of the extra dimension ℓ in principle is a free parameter. However, from the
near horizon metric (10), there is an obvious simple and natural choice of ℓ = q and the
near horizon geometry is then exactly AdS3 × S2. The AdS3 space has two SL(2, R) sym-
metries associated with the τ -translation (right sector) and χ-translation (left sector). By
the geometric relations of the coordinates (t, y) and (τ, χ), we can identify the left and right
moving modes, nL and nR, from the frequency ω and y-direction momentum k as
− iωt+ iky = −inRτ + inLχ ⇒ nL = kq, nR = q
2(ω − k)
ǫ
. (12)
The right moving mode is finite only when ω − k is small, of order ǫ corresponding to a
threshold bound which is capable of probing a certain nature of the dual CFT. The next
step of building up the gravity-CFT dictionary is to compare the Boltzmann factors. On
the gravity side, one needs a time-like Killing vector which is well-defined near the horizon.
It is clear that ∂t is not the correct choice since it becomes space-like inside the ergosphere.
A suitable time-like Killing vector is ∂t+Φe∂y where Φe is just the chemical potential of the
4D RN back holes
Φe =
q
r+
= 1− ǫρ0
q
. (13)
Then the temperatures of the CFT can straightforwardly be read out from the Boltzmann
factors:
− ω − Φek
TH
= −nL
TL
− nR
TR
⇒ TR = ρ0
2π
, TL =
1
2π
. (14)
III. MACROSCOPIC GREYBODY FACTOR
Consider a scalar field of mass µ propagating in the background of (7), the Klein-Gordon
(KG) equation
∇α∇αΦ− µ2Φ = 0, (15)
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can be simplified by assuming the following form of the scalar field
Φ(t, r, θ, φ, y) = e−iωt+inφ+ikyS(θ)R(r), (16)
and reduces to two decoupled equations by separation of variables:
∂r(∆∂rR) +
[
(ωr − kq)2r2
∆
− (µ2 + k2)r2 − λl
]
R = 0, (17)
1
sin θ
∂θ(sin θ∂θSl) +
(
λl − n
2
sin2 θ
)
Sl = 0, (18)
where ∆ = r2f = (r − r+)(r − r−), the separation constant takes the standard value
λl = l(l + 1), and the solutions for Sl are just the standard spherical harmonic functions.
To simplify the radial equation, we introduce a new dimensionless coordinate
z =
r − r+
r+
, r = r+(z + 1), (19)
consequently leading to the following relations:
∆ = r2+z(z + z0), z0 =
r+ − r−
r+
= ǫ
2ρ0
q
, r+ =
q√
1− z0
. (20)
Finally, the radial equation can formally be written as
∂z [z(z + z0)∂zR] + V (z)R = 0, (21)
where the potential is given by
V =
q2(z + 1)2
1− z0
[[
ω(z + 1)− k√1− z0
]2
z(z + z0)
− µ2 − k2
]
− λl. (22)
However, it is not possible to obtain the general solution of equation (21). In order to
retrieve the absorption cross section, we should solve this equation in the near region z ≪ 1
and at the far region z ≫ z0 respectively. For the near extremal limit, z0 → 0, there is an
overlap region, z0 ≪ z ≪ 1, which allows to relate the integration constants in the solutions
of two different regions.
A. Near region
For the near region, z ≪ 1, and for the near extremal limit, z0 → 0, the potential
truncates to
Vnear = q
2
[[
(2ω − k)z + ω − k + 1
2
ωz0
]2
z(z + z0)
+ 2ω(ω − k)− µ2 − k2
]
− λl (23)
≃ q2
[
k2z20
4z(z + z0)
− µ2
]
− λl.
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Hereafter, the notation ≃ means after taking the threshold limit ω−k = ǫ nR/q2. The radial
equation then reduces to
∂z [z(z + z0)∂zR] + VnearR = 0, (24)
and two independent solutions corresponding to ingoing and outgoing waves are
R(in)near(z) =C
(in)
0 z
−ib
(
1+
z
z0
)i(b−a)
2F1
(
1
2
+β−ia, 1
2
−β−ia; 1−i2b;− z
z0
)
, (25)
R(out)near (z) =C
(out)
0 z
ib
(
1+
z
z0
)i(b−a)
2F1
(
1
2
−β+i(2b−a), 1
2
+β+i(2b−a); 1+i2b;−z
z0
)
,(26)
where the constants a, b and β are are defined by
a = q(2ω − k) ≃ qk, (27)
b =
1
2
ωq +
q(ω − k)
z0
≃ 1
2
qk +
nR
2ρ0
, (28)
β =
√
1
4
+ λl + q2(µ2 − 6ω2 + 6ωk) ≃
√
1
4
+ λl + q2µ2. (29)
These three parameters are principle elements for comparison with the dual CFT results.
The value of β is always real.
We are interested only in the ingoing wave. At the limit near the horizon, z → 0, we
have
R(in)near(z) ≈ C(in)0 z−ib, (30)
and at the limit close to the far region, namely z ≫ 1, it behaves like
R(in)near → A(in)0 z−
1
2
+β +B
(in)
0 z
− 1
2
−β, (31)
where
A
(in)
0 = C
(in)
0 (z0)
1
2
−β−ib Γ(1− i2b)Γ(2β)
Γ(1
2
+ β − ia)Γ(1
2
+ β − i(2b− a)) ,
B
(in)
0 = C
(in)
0 (z0)
1
2
+β−ib Γ(1− i2b)Γ(−2β)
Γ(1
2
− β − ia)Γ(1
2
− β − i(2b− a)) . (32)
B. Far region
For the far region, z ≫ z0, the potential truncates to
Vfar = q
2(ωz + 2ω − k)2 + 2q2ω(ω − k)− q2(µ2 + k2)(z + 1)2 − λl (33)
≃ q2k2(z + 1)2 − q2(µ2 + k2)(z + 1)2 − λl, (34)
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and the radial equation reduces to
∂z(z
2∂zR) + VfarR = 0. (35)
Two independent solutions can be obtained in terms of Kummer functions:
R
(in)
far (z) = C
(in)
∞ z
− 1
2
+βeiζz M
(
1
2
+ β + iκ; 1 + 2β;−i2ζz
)
, (36)
R
(out)
far (z) = C
(out)
∞ z
− 1
2
+βeiζz U
(
1
2
+ β + iκ; 1 + 2β;−i2ζz
)
, (37)
where β was given in (29) and the other two parameters are defined as
ζ = q
√
ω2 − k2 − µ2, κ = q
2(2ω2 − ωk − k2 − µ2)
ζ
. (38)
The ingoing and outgoing waves can be determined by using the asymptotic behavior of the
Kummer functions [47]. In order to approach the threshold limit ω−k → ǫ but still to ensure
the propagating waves, i.e. ζ be real, the scalar field should be massless, µ = 0. Nevertheless,
the the scalar waves always have enormously long wavelength near the threshold limit.
Moreover, over the threshold limit, ω < k, the wave number ζ becomes imaginary and wave
solutions fade out.
In order to match with the near region result, we consider the limit z → 0
Rfar ≈ C(in)∞ z−
1
2
+β + C(out)∞
Γ(2β)
Γ(1
2
+ β + iκ)
(−i2ζ)−2β z− 12−β. (39)
For computing the absorption cross section, we need the asymptotic behavior of the propa-
gating waves
Rfar → C(in)∞
Γ(1 + 2β)
Γ(1
2
+ β + iκ)
(−i2ζ)− 12−β+iκ e−iζz z−1+iκ + C(out)∞ (−i2ζ)−
1
2
−β−iκ eiζz z−1−iκ.
(40)
C. Near-far matching
The results (31) and (39) should match at the overlap region, z0 ≪ z ≪ 1, which gives
the relations of the coefficients:
C(in)∞ = A
(in)
0 , C
(out)
∞ = B
(in)
0 (−i2ζ)2β
Γ(1
2
+ β + iκ)
Γ(2β)
. (41)
Moreover, the powers of z in (31, 39) add more “words” to the gravity-CFT dictionary,
namely that the conformal dimensions of the associated CFT operators should be
hL = hR =
1
2
+ β. (42)
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D. Absorption cross section
According to the flux expression of the scalar field
F =
2π
i
(Φ∗∆∂rΦ− Φ∆∂rΦ∗) , (43)
we can compute the flux absorbed by the black hole by considering (30),
Fabs = −
∣∣∣C(in)0 ∣∣∣2 4πbz0r+, (44)
and the incident flux from infinity by taking ingoing part of (40),
Fin = −
∣∣C(in)∞ ∣∣2 |Γ(1 + 2β)|2|Γ(1
2
+ β + iκ)|2 e
κpi(2ζ)−
1
2
−2β (4πζr+) . (45)
Here the minus signs indicate the feature of ingoing flux. The absorption cross rate of the
radial flux is
σabs =
Fabs
Fin
=
2bz0 (2ζ)
− 1
2
+2β
∣∣Γ(1
2
+ β + iκ)
∣∣2
eκpi |Γ(1 + 2β)|2
∣∣∣C(in)0 ∣∣∣2∣∣∣C(in)∞ ∣∣∣2 (46)
=
(2ζ)−
1
2
+2βz2β0
∣∣Γ(1
2
+β+iκ)
∣∣2 sinh(2πb)
πeκpi |Γ(1 + 2β)|2 |Γ(2β)|2
∣∣∣∣Γ
(
1
2
+β−ia
)∣∣∣∣
2 ∣∣∣∣Γ
(
1
2
+β−i(2b−a)
)∣∣∣∣
2
.
Here the ratio of |C(in)0 |2/|C(in)∞ |2 is determined by the matching (41) and also by the relation
(32). Moreover, the property of the Gamma function |Γ(1−i2b)|2 = 2bπ/ sinh(2bπ) has been
used. An important remark is that the superradiance occurs when the value of parameter
b is negative, i.e. ω < k/(1 + 1
2
z0). The 4D description of this result will be given in the
Section V.
IV. MICROSCOPIC GREYBODY FACTOR
The two-point functions in 2D CFT are determined by conformal invariance. The general
expression for the absorption cross section with respect to an operator of (left, right) dimen-
sion (hL, hR), charge (qL, qR) and momenta (ωL, ωR) at temperature (TL, TR) and chemical
potential (µL, µR) was derived in [30, 31]:
Pabs ∼ T 2hL−1L T 2hR−1R
(
epi(ω˜L+ω˜R) ± e−pi(ω˜L+ω˜R)) |Γ(hL + iω˜L)|2 |Γ(hR + iω˜R)|2 , (47)
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where
ω˜L =
ωL − qLµL
2πTL
, ω˜R =
ωR − qRµR
2πTR
. (48)
The CFT absorption cross section matches with the dual gravitational result (46) after
identifying
ω˜L = a, ω˜R = 2b− a, (49)
and then the combination of the two exponential terms, with minus sign, produces the
hyperbolic sine function. Moreover, the contribution of TL in (47) precisely reproduces the
z0 part in (46). Unlike the Kerr/CFT, the dual operator corresponding to the scalar field in
a near extremal RN black hole is much simpler with qL = qR = 0, (ωL, ωR) = (nL, nR) and
µL = µR = 0. One can easily check that the identifications (49) hold for the near threshold
mode.
V. 4D PERSPECTIVES
The KG equation for a charged scalar field with mass µ¯ and charge e
Φ(t, r, θ, φ) = e−iωt+inφS(θ)R(r), (50)
in the background of a 4D RN black hole decouples to two equations:
∂r(∆∂rR) +
[
(ωr − 2eq)2r2
∆
− µ¯2r2 − λl
]
R = 0, (51)
1
sin θ
∂θ(sin θ∂θSl) +
(
λl − n
2
sin2 θ
)
Sl = 0. (52)
The angular equation is exactly same as (18). Moreover, the radial equation is also identical
with (17) when the parameters are related by
e =
1
2
k, µ¯2 = µ2 + k2. (53)
Therefore, the 5D momentum mode k corresponds to the charge of the 4D scalar. The factor
half is due to the k-momentum coupling only with the KK vector portion, namely half of
the original 4D RN background charge. Moreover, the excitation of the extra momentum
also enlarges the mass of the 4D scalar field. Regarding the near threshold mode with µ = 0,
from the 4D point of view, it implies a special limit of µ¯ = 2e and ω − µ¯→ 0.
11
The superradiance condition for a charged scalar field in RN black hole is ω < eq/r+
[48]. For the near extremal limit, z0 → 0, it reduces to ω < k
√
1− z0, which agrees with the
condition of negative b. Moreover, for 4D effective scalar field, the mass is always greater
than k (i.e. charge). This is the reason why the wave number in the solution of radial part
of the scalar field, equivalently the ζ in (38), turns into imaginary over the threshold limit
when ω < k.
VI. CONCLUSION
In this paper, we investigated the AdS3/CFT2 description for the near extremal RN black
holes by considering their uplifted counterparts. Unlike the Kerr spacetimes, although an
ergosphere is formed in uplifted RN black holes, yet the backgrounds, in the near extremal
limit, do not allow superradiant modes for scalar fields because the wave number turns out
to be imaginary. Nevertheless, for an exceptional threshold limit the scalar waves can be
used to probe of the near horizon region and can reveal convincing properties which extend
the confirmation of RN/CFT correspondence to the near extremal limit.
One promising feature of the RN/CFT is that the uplifted RN black holes can provide
simpler backgrounds for investigating the holographic correspondence. The near horizon
geometry contains an exact AdS3 space instead of warped AdS3, and accordingly the dual
CFT operators are much simpler compared with Kerr/CFT. The factor β in the conformal
weight of the dual operator is always real. It is very interesting to study the connection
between the AdS3/CFT2 and AdS2/CFT1 descriptions by considering the RN black holes.
From the gravity side, the relation of AdS3 and AdS2 is more clear as a dimensional reduction.
We expect that this relation can reveal the connection of CFT2 and CFT1 via holographical
duality.
Appendix A: Dimensional Reduction
In this Appendix, we briefly summarize the KK reduction technique [49]. The special
class of solutions in the (D + 1) dimensional gravitational theory coupled to a scalar field
and a n-form field,
Iˆ =
∫
dD+1x
√
−gˆ
[
Rˆ − 1
2
(∇ˆφ)2 − 1
2 · n! e
aˆφFˆ 2[n]
]
, (A1)
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with a space-like Killing vector, ∂y, is effectively equivalent to a D dimensional effective
action derived by imposing the following ansatz for the metric and form-field
ds2D+1 = e
2αϕds2D + e
2βϕ(dy +Aµdxµ)2, Aˆ[n−1] = A[n−1] + A[n−2] ∧ dy. (A2)
The coefficients α and β are fixed by (i) β = −(D − 2)α to ensure that the reduced action
is in the Einstein frame, and (ii) α−2 = 2(D − 1)(D − 2) for a conventionally normalized
kinetic term of ϕ. Then the KK reduced action is
I =
∫
dDx
√−g
[
R − 1
2
(∇φ)2 − 1
2
(∇ϕ)2 − 1
4
e−2(D−1)αϕF2[2]
− 1
2 · n!e
−2(n−1)αϕ+aˆφFˆ ′2[n] −
1
2 · (n− 1)!e
2(D−n)αϕ+aˆφFˆ 2[n−1]
]
, (A3)
where Fˆ ′[n] = Fˆ[n] − Fˆ[n−1] ∧ A, including a Chern-Simons correction.
For the purpose of the uplifted 4D Einstein-Maxwell solution we focus on the case aˆ =
0, φ = 0, D = 4 corresponding to α−1 = 2
√
3. There are two possible ways to get a 4D
U(1) gauge field, namely either n = 2 or n = 3. The first possibility is n = 2 and the
ϕ = 0 truncation requires Fˆ[1] = 0 and Fˆ
′2
[2] = Fˆ
2
[2] = −3F2[2]. However, the 2-form field F[2]
has an opposite sign of its square, so only its Hodge dual can give the desirable sign. The
other possible solution is n = 3 and the vanishing KK scalar condition requires Fˆ[3] = 0 and
Fˆ 2[2] = 3F2[2]. Thus the 4D action is
I =
∫
d4x
√−g
(
R− 1
4
F2[2] −
1
4
Fˆ 2[2]
)
=
∫
d4x
√−g (R−F2[2]) , (A4)
consistently truncated to 4D Einstein-Maxwell theory by assuming A = 1
2
A, Aˆ =
√
3
2
A.
Acknowledgement
We would like to thank A. Ishibashi, H. Kodama, H. Lu, J. M. Nester, J. R. Sun and
especially W. Song for very valuable discussions. CMC is grateful to the KEK for its
hospitality in the revising stage of this paper. This work was supported by the National
Science Council of the R.O.C. under the grant NSC 96-2112-M-008-006-MY3 and in part by
the National Center of Theoretical Sciences (NCTS).
[1] G. ’t Hooft, “Dimensional reduction in quantum gravity,” arXiv:gr-qc/9310026.
13
[2] L. Susskind, “The world as a hologram,” J. Math. Phys. 36, 6377 (1995)
[arXiv:hep-th/9409089].
[3] J. M. Maldacena, “The large N limit of superconformal field theories and supergrav-
ity,” Adv. Theor. Math. Phys. 2, 231 (1998) [Int. J. Theor. Phys. 38, 1113 (1999)]
[arXiv:hep-th/9711200].
[4] S. S. Gubser, I. R. Klebanov and A. M. Polyakov, “Gauge theory correlators from non-critical
string theory,” Phys. Lett. B 428, 105 (1998) [arXiv:hep-th/9802109].
[5] E. Witten, “Anti-de Sitter space and holography,” Adv. Theor. Math. Phys. 2, 253 (1998)
[arXiv:hep-th/9802150].
[6] J. D. Brown and M. Henneaux, “Central charges in the canonical realization of asymptotic
symmetries: an example from three-dimensional gravity,” Commun. Math. Phys. 104, 207
(1986).
[7] M. Guica, T. Hartman, W. Song and A. Strominger, “The Kerr/CFT correspondence,” Phys.
Rev. D 80, 124008 (2009) [arXiv:0809.4266 [hep-th]].
[8] K. Hotta, Y. Hyakutake, T. Kubota, T. Nishinaka and H. Tanida, “The CFT-interpolating
Black Hole in Three Dimensions,” JHEP 0901, 010 (2009) [arXiv:0811.0910 [hep-th]].
[9] H. Lu, J. Mei and C. N. Pope, “Kerr/CFT Correspondence in Diverse Dimensions,” JHEP
0904, 054 (2009) [arXiv:0811.2225 [hep-th]].
[10] T. Azeyanagi, N. Ogawa and S. Terashima, “Holographic Duals of Kaluza-Klein Black Holes,”
JHEP 0904, 061 (2009) [arXiv:0811.4177 [hep-th]].
[11] D. D. K. Chow, M. Cvetic, H. Lu and C. N. Pope, “Extremal black hole/CFT correspondence
in (gauged) supergravities,” arXiv:0812.2918 [hep-th].
[12] T. Azeyanagi, N. Ogawa and S. Terashima, “The Kerr/CFT Correspondence and String The-
ory,” Phys. Rev. D 79, 106009 (2009) [arXiv:0812.4883 [hep-th]].
[13] Y. Nakayama, “Emerging AdS from extremally rotating NS5-branes,” Phys. Lett. B 673, 272
(2009) [arXiv:0812.2234 [hep-th]].
[14] H. Isono, T. S. Tai and W. Y. Wen, “Kerr/CFT correspondence and five-dimensional BMPV
black holes,” arXiv:0812.4440 [hep-th].
[15] J. J. Peng and S. Q. Wu, “Extremal Kerr black hole/CFT correspondence in the five dimen-
sional Go´del universe,” Phys. Lett. B 673, 216 (2009) [arXiv:0901.0311 [hep-th]].
[16] C. M. Chen and J. E. Wang, “Holographic duals of black holes in five-dimensional minimal
14
supergravity,” arXiv:0901.0538 [hep-th].
[17] F. Loran and H. Soltanpanahi, “5D Extremal Rotating Black Holes and CFT duals,” Class.
Quant. Grav. 26, 155019 (2009) [arXiv:0901.1595 [hep-th]].
[18] A. M. Ghezelbash, “Kerr/CFT correspondence in the low energy limit of heterotic string
theory,” JHEP 0908, 045 (2009) [arXiv:0901.1670 [hep-th]].
[19] H. Lu, J. w. Mei, C. N. Pope and J. F. Vazquez-Poritz, “Extremal static AdS black hole/CFT
correspondence in gauged supergravities,” Phys. Lett. B 673, 77 (2009) [arXiv:0901.1677
[hep-th]].
[20] A. J. Amsel, G. T. Horowitz, D. Marolf and M. M. Roberts, “No dynamics in the extremal
Kerr throat,” arXiv:0906.2376 [hep-th].
[21] G. Compere, K. Murata and T. Nishioka, “Central Charges in Extreme Black Hole/CFT
Correspondence,” JHEP 0905, 077 (2009) [arXiv:0902.1001 [hep-th]].
[22] C. Krishnan and S. Kuperstein, “A Comment on Kerr-CFT and Wald Entropy,” Phys. Lett.
B 677, 326 (2009) [arXiv:0903.2169 [hep-th]].
[23] K. Hotta, “Holographic RG flow dual to attractor flow in extremal black holes,” Phys. Rev.
D 79, 104018 (2009) [arXiv:0902.3529 [hep-th]].
[24] D. Astefanesei and Y. K. Srivastava, “CFT Duals for Attractor Horizons,” Nucl. Phys. B 822,
283 (2009) [arXiv:0902.4033 [hep-th]].
[25] W. Y. Wen, “Holographic descriptions of (near-)extremal black holes in five dimensional min-
imal supergravity,” arXiv:0903.4030 [hep-th].
[26] T. Azeyanagi, G. Compere, N. Ogawa, Y. Tachikawa and S. Terashima, “Higher-
Derivative Corrections to the Asymptotic Virasoro Symmetry of 4d Extremal Black Holes,”
arXiv:0903.4176 [hep-th].
[27] X. N. Wu and Y. Tian, “Extremal Isolated Horizon/CFT Correspondence,” Phys. Rev. D 80,
024014 (2009) [arXiv:0904.1554 [hep-th]].
[28] Y. Matsuo, T. Tsukioka and C. M. Yoo, “Another Realization of Kerr/CFT Correspondence,”
arXiv:0907.0303 [hep-th].
[29] J. J. Peng and S. Q. Wu, “Extremal Kerr/CFT correspondence of five-dimensional rotating
(charged) black holes with squashed horizons,” Nucl. Phys. B 828, 273 (2010) [arXiv:0911.5070
[hep-th]].
[30] I. Bredberg, T. Hartman, W. Song and A. Strominger, “Black Hole Superradiance From
15
Kerr/CFT,” arXiv:0907.3477 [hep-th].
[31] T. Hartman, W. Song and A. Strominger, “Holographic derivation of Kerr-Newman scattering
amplitudes for general charge and spin,” arXiv:0908.3909 [hep-th].
[32] M. Cvetic and F. Larsen, “Greybody Factors and Charges in Kerr/CFT,” JHEP 0909, 088
(2009) [arXiv:0908.1136 [hep-th]].
[33] T. Hartman and A. Strominger, “Central charge for AdS2 quantum gravity,” JHEP 0904,
026 (2009) [arXiv:0803.3621 [hep-th]].
[34] M. Alishahiha and F. Ardalan, “Central charge for 2D gravity on AdS(2) and AdS(2)/CFT(1)
correspondence,” JHEP 0808, 079 (2008) [arXiv:0805.1861 [hep-th]].
[35] A. Castro, D. Grumiller, F. Larsen and R. McNees, “Holographic description of AdS2 black
holes,” JHEP 0811, 052 (2008) [arXiv:0809.4264 [hep-th]].
[36] A. Castro and F. Larsen, “Near extremal Kerr entropy from AdS2 quantum gravity,”
arXiv:0908.1121 [hep-th].
[37] O. J. C. Dias, H. S. Reall and J. E. Santos, “Kerr-CFT and gravitational perturbations,”
JHEP 0908, 101 (2009) [arXiv:0906.2380 [hep-th]].
[38] V. Balasubramanian, J. de Boer, M. M. Sheikh-Jabbari and J. Simon, “What is a chiral 2d
CFT? And what does it have to do with extremal black holes?,” arXiv:0906.3272 [hep-th].
[39] A. J. Amsel, D. Marolf and M. M. Roberts, “On the stress tensor of Kerr/CFT,”
arXiv:0907.5023 [hep-th].
[40] B. Bertotti, “Uniform electromagnetic field in the theory of general relativity,” Phys. Rev.
116, 1331 (1959).
[41] I. Robinson, “A Solution of the Maxwell-Einstein Equations,” Bull. Acad. Pol. Sci. Ser. Sci.
Math. Astron. Phys. 7, 351 (1959).
[42] J. M. Maldacena, J. Michelson and A. Strominger, “Anti-de Sitter fragmentation,” JHEP
9902, 011 (1999) [arXiv:hep-th/9812073].
[43] C. M. Chen, J. R. Sun and S. J. Zou, “The RN/CFT correspondence revisited,”
arXiv:0910.2076 [hep-th].
[44] T. Hartman, K. Murata, T. Nishioka and A. Strominger, “CFT duals for extreme black holes,”
JHEP 0904, 019 (2009) [arXiv:0811.4393 [hep-th]].
[45] M. R. Garousi and A. Ghodsi, “The RN/CFT correspondence,” arXiv:0902.4387 [hep-th].
[46] R. K. Gupta and A. Sen, “Ads(3)/CFT(2) to Ads(2)/CFT(1),” JHEP 0904, 034 (2009)
16
[arXiv:0806.0053 [hep-th]].
[47] M. Abramowitz and I. A. Stegun, “Handbook of Mathematical Functions with Formulas,
Graphs, and Mathematical Tables,” Dover, 1964, New York.
[48] T. Nakamura and H. Sato, “Absorption Of Massive Scalar Field By A Charged Black Hole,”
Phys. Lett. B 61, 371 (1976).
[49] K. S. Stelle, “BPS branes in supergravity,” arXiv:hep-th/9803116.
17
